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Abstract 

In this paper a reference frame is presented, which can be used by any 
observer (rotating or non-rotating) (inertial or non-inertial) to describe 
the behavior (motion) of a system of particles without the necessity of 
introducing fictitious forces. 



Central Reference Frame 

A central reference frame S w is a non-rotating reference frame fixed to 
the center of mass of a system of particles. 

Equation of Motion 

In a system of particles, the acceleration of a particle A relative to 
the central reference frame is given by 

(c) Fa F cm 
3a = 

where F A is the net force acting on particle A, m A is the mass of particle A, 
F CM is the net force acting on the center of mass, and m CM is the mass of the 
center of mass. 
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Work and Kinetic Energy 

In a system of particles, the total work W {c) done by the forces acting on 
the system of particles relative to the central reference frame is given by 

ff (c) = I /Fr^ c) =A(£i/ 2 m ( .vf )2 ) 

where F ( - is the net force acting on the ;'-th particle, m i is the mass of the ;'-th 
particle, r| r) and v| c) are the position and velocity of the z'-th particle relative 
to the central reference frame. 

Conservation of Kinetic Energy 

In a system of particles, if the forces acting on the system of particles 
do not perform work relative to the central reference frame then the total 
kinetic energy of the system of particles is conserved relative to the central 
reference frame. 

Appendix 

The transformations between a central reference frame S (c) and another 
reference frame S (rotating or non-rotating) (inertial or non-inertial) are 

r i' = ( r A — I*cm) 

vl c) = (v A - v CM ) + (o x (r A - r CM ) 

tc) Fa Fcm 
a A = 

fflh m CM 

where (0 is the angular velocity of rotation of the reference frame S relative 
to the central reference frame S (c) . 
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